Melanoma brain metastasis that develops as the isolated first visceral site challenges the current paradigm of tumor progression in which brain metastasis is regarded as the final stage. Here we test the hypothesis that melanoma patients who develop brain metastasis as the isolated first visceral site have distinct clinicopathological features at the time of primary melanoma diagnosis. Cutaneous melanoma patients enrolled in 2 prospectively collected databases were studied (Cohort 1: 1972 -1982, Cohort 2: 2002). Patients who developed brain metastasis as isolated first visceral site were compared with (1) all other patients, (2) patients who developed visceral metastasis: extracranial only or extracranial and brain, and (3) patients who progressed to other isolated visceral sites first. Two hundred seven of 2280 (9.1%) patients developed brain metastasis (median follow-up, 5.2 y). Seventy-four of 207 (35.7%) brain metastasis patients progressed to brain metastasis as the isolated first visceral site. These patients presented with primaries that were thinner and had no mitosis compared with all other visceral metastasis patients (Fisher's combined P 5 .02, .05, respectively), and there was a significant difference in American Joint Committee on Cancer stage distribution at initial melanoma diagnosis (combined P 5 .02). Post-visceral metastasis survival, however, was shorter in patients with brain metastasis as isolated first visceral site than in patients with visceral metastasis: extracranial and brain (combined P 5 .03). Brain metastasis as isolated first visceral site is a distinct clinicopathological entity. Studies are needed to better understand the biological factors driving this phenotype at the time of primary melanoma diagnosis and to determine its clinical implications.
M elanoma incidence and mortality rates are on the rise. 1, 2 An estimated 70 000 new invasive melanoma cases will be diagnosed in 2011 with 9000 melanoma deaths expected to occur, 2 half of which will be due to brain metastasis. 3 Yet, there continues to be a paucity of effective treatments against this common complication of metastatic melanoma 4 generally viewed as the terminal event in the natural history of melanoma metastasis. 5, 6 Melanoma brain metastases that develop concomitant with or subsequent to other visceral metastases support this current understanding of brain metastasis as the final stage of tumor progression. 5, 6 The impermeability of the blood-brain barrier is believed to both protect against intracranial seeding and prevent drug entry into the brain, 7 creating a sanctuary site for metastasis to occur provided that patients with systemic disease survive long enough for the integrity of the blood -brain barrier to become compromised. 5, 6 Advances in the ability to detect and to treat extracranial metastases earlier and more effectively 5 -8 appear consistent with this theory, as they parallel the rising incidence of brain metastases in solid tumor patients.
Progression to brain metastasis as the isolated first site of visceral metastasis, however, challenges the prevailing paradigm and has been reported in melanoma and other solid tumors. 9 -24 Evidence of this brain metastasis phenotype comes primarily from case reports/ series 9 -12,14 -18 and data on extracranial sites of involvement at brain metastasis diagnosis in the tables of larger cohort studies on brain metastasis risk factors and treatment outcomes. 19 -24 To our knowledge, only 2 studies (one in breast cancer and the other in ovarian cancer) have attempted to address the clinical relevance of brain metastasis as the isolated first visceral site, yet both reported on fewer than 50 patients with this particular phenotype. 12, 13 In this study, our first objective was to determine the prevalence of brain metastasis as the isolated first visceral site as a distinct brain metastasis phenotype in a large, prospectively accrued melanoma patient population. We then attempted to examine the clinicopathological characteristics of those primary melanoma patients who developed brain metastasis as the isolated first site of visceral metastasis.
Patients and Methods

Study Population
The study population comprised cutaneous melanoma patients prospectively enrolled in 2 databases at New York University (NYU) Medical Center: Cohort 1 (November 1972 -November 1982) 25 and Cohort 2 (August 2002 -December 2009). 26 Informed consent was obtained from all patients at the time of enrollment. Cohorts 1 and 2 are both well-characterized, population -based cohorts for which 415 and 371 fields of clinicopathological information, respectively were prospectively recorded, and despite differences in the information collected, the same fields were abstracted for the purpose of this study: year of and age at pathological diagnosis, gender, primary tumor thickness (mm), ulceration status, mitosis (absence vs presence), histologic subtype, anatomic site, first recurrence date and site, presence and date of brain metastasis, and date and site of first visceral metastasis. All patients were then restaged according to the seventh edition of the American Joint Committee on Cancer (AJCC) staging system 27 to minimize inherent differences in the staging of melanoma patients diagnosed in the 1970s to 2000s. Differences in visceral metastasis detection in the pre-CT/MRI era nonetheless remain such that the method by which brain metastases were diagnosed (clinical vs histologic) as well as the presence of neurological symptoms at brain metastasis diagnosis were collected for patients in Cohort 2. Cohorts 1 and 2 were followed through October 1993 and October 2010, respectively.
Statistical Analysis
Continuous variables were summarized using median and range and compared across groups using the Wilcoxon-Mann-Whitney test or Kruskal -Wallis test. Categorical variables were summarized by counts and proportions. After excluding unclassified subjects, categorical variables were compared across groups using the chi -square test or Fisher's exact test. Cross -sectional and time -to -event statistical analyses were performed within each of the 2 cohorts (ie, stratified by cohort). Fisher's method was used to obtain the combined P value from the P values of Cohort 1 and Cohort 2, respectively.
The main event of interest was brain metastasis as the isolated first site of visceral metastasis. Time to the event of interest was calculated from the date of initial melanoma diagnosis. Competing events included visceral metastasis: extracranial only or extracranial and brain and death not related to melanoma and before metastasis. Cumulative incidence functions between groups stratified by each potential prognostic factor were compared using Gray's test, 28 which accounts for competing risks. Multivariate evaluation of risk factors was also performed using a semiparametric Cox proportional hazards model for the subdistribution, as proposed by the Fine -Gray model. 29 Post-visceral metastasis survival data were summarized using median survival and Kaplan -Meier survival curves. The comparison of survival curves between patients with brain metastasis as the isolated first site of visceral metastasis and patients with visceral metastasis: extracranial and brain was performed using the log-rank test. Statistical significance was claimed when the P value was less than .05, and all statistical analyses were performed using SAS version 9.2 or R.
Results
Demographic and primary tumor characteristics of all patients are shown in Table 1 The clinicopathological features of primary melanoma patients who developed brain metastasis as the isolated first site of visceral metastasis were first compared with those of all other patients, a group that included patients without visceral metastasis, patients with visceral metastasis: extracranial only, and patients with visceral metastasis: extracranial and brain at the time of brain metastasis diagnosis. Significant differences were observed in primary tumor thickness, ulceration, histotype, and distribution of AJCC stage at pathological diagnosis between patients with brain metastasis as the isolated first visceral site and all other patients in Cohort 1 (P ¼ .0017, .0002, .04, .007, respectively) and Cohort 2 (P ¼ .0002, ,.0001, .0002, .001, respectively) ( Table 3 ) . Fisher's combined P values for these 4 clinicopathological features were also significant (P , .0001, ,.0001, .0001, ,.0001, respectively). Patients who developed brain metastasis as the isolated first site of visceral metastasis had thicker primaries and a higher rate of ulcerated tumors and nodular melanomas than all other patients. In addition, the cumulative incidence of brain metastasis as isolated first visceral site in the presence of competing risks, namely visceral metastasis: extracranial only or extracranial and brain and death not related to melanoma and before metastasis, is significantly increased according to Gray's test in these same patients (i.e., those whose tumors were .1 mm, ulcerated, or of the nodular histologic subtype) as well as in patients with advanced disease (stage III/IV) at pathological diagnosis on univariate analysis (Fisher's combined P values for Cohorts 1 and 2: .0003, ,.0001, .0008, .0007, respectively) ( Patients who developed brain metastasis as the isolated first visceral site were then compared with patients with visceral metastasis: extracranial only combined with patients who had progressed to visceral metastasis: extracranial and brain at the time of brain metastasis diagnosis. There were no significant differences in clinicopathological characteristics between patients with visceral metastasis: extracranial only and patients with visceral metastasis: extracranial and brain (P . .05). Significant differences in primary tumor thickness and the distribution of AJCC stage at pathological diagnosis were shown on univariate analysis of patients with brain metastasis as the isolated first site of visceral metastasis and patients with visceral metastasis: extracranial only or extracranial and brain in Cohort 1 (P ¼ .02, .03, respectively). Patients who progressed to brain metastasis as the isolated first visceral site had thinner tumors, and a greater percentage presented with stage I disease at initial melanoma diagnosis. Differences in both tumor thickness and stage distribution trended in the same direction in the comparison within Cohort 2 patients, and combined Fisher P values for primary tumor thickness, distribution of clinical stage at melanoma diagnosis, and primary tumor mitosis were statistically significant (P ¼ .02, .02, .05, respectively). In the comparison of patients with brain metastasis as the isolated first visceral site and patients with visceral metastasis: extracranial and brain at the time of brain metastasis Table S1 ).
Brain Metastasis as the Isolated First Site of Visceral Metastasis Is a Distinct Isolated Visceral Metastasis Phenotype
To determine whether brain metastasis as the isolated first site of visceral metastasis is a distinct phenotype of sitespecific visceral metastasis, the clinicopathological features of these brain metastasis patients were compared with those of patients who developed other isolated first sites of visceral metastasis, namely the lung (n ¼ 143), liver (n ¼ 34), and bone (n ¼ 39) (Table 6 ). These 4 groups differed in primary tumor thickness, mitosis, and distribution of stage at pathological diagnosis (P ¼ .04, .06, .03, respectively), but there was no significant difference in any of the characteristics examined between the Fig. 1 (combined P ¼ .03).
Discussion
To our knowledge, this is the first study to distinguish melanoma patients who develop brain metastasis as the isolated first visceral site from other brain metastasis patients, to characterize different brain metastasis patterns based on clinicopathological features present at initial melanoma diagnosis, and to examine the potential clinical implications of these differences. Melanoma patients who develop brain metastasis as the isolated first visceral site were hypothesized to have distinct clinicopathological features present at primary melanoma diagnosis, and our findings support this hypothesis, which represents a major departure from the current understanding of brain metastasis as the final stage of tumor progression. 5, 6 Only 2 studies have focused on brain metastasis as the isolated first site of visceral metastasis, one in breast cancer 12 and the other in ovarian cancer. 13 However, limiting the generalizability of the findings of these 2 studies is their small sample size and the lack of a population-based cohort, in contrast to our study of over 2000 primary melanoma patients who presented with early -or late-stage melanoma at initial melanoma diagnosis.
Some considerations need to be addressed prior to interpreting our data. Melanoma patients diagnosed in the 1970s and 1980s were included, many of whom were treated before the first AJCC melanoma staging system was established in 1978. To address this issue, all patients were restaged according to the 2009 AJCC guidelines 27 such that the homogeneity of clinicopathological parameters between the 2 cohorts would improve. Advances in the clinical management of melanoma, however, have inevitably impacted the diagnosis and treatment of patients in Cohort 2, particularly as they relate to the detection of brain metastasis on CT/ MRI. Yet, even with advanced imaging techniques available, over a third of melanoma brain metastasis patients are symptomatic at presentation, 30 an estimate based on the incidence of symptomatic brain metastasis in general and not by brain metastasis phenotype. The diagnosis of brain metastasis is nonetheless made clinically as in the pre-CT/MRI era with or without confirmatory brain imaging. The quoted incidence of symptomatic brain metastasis in the literature is consistent with the 36.1% of patients in Cohort 2 who not only progressed to visceral metastasis: extracranial and brain at the time of brain metastasis diagnosis but were also symptomatic. There was, however, an estimated 2-fold increase in the incidence of symptomatic brain metastasis in patients with brain metastasis as the isolated first visceral site-70.6% versus 36.1%-that may have introduced leadtime bias into the survival analysis performed. Patients who developed brain metastasis as the isolated first site of visceral metastasis from Cohorts 1 and 2 were combined in our post-visceral metastasis survival analysis as were patients with visceral metastasis: extracranial and brain at brain metastasis presentation, and as a result, we see that the majority of patients in either brain metastasis group were symptomatic at the time of brain metastasis diagnosis: 64/74 (86.5%) versus 80/133 (60.2%), respectively. Changes in adjuvant and metastatic treatment regimens over the last 4 decades are additional confounding factors in relation to progression to brain metastasis as the isolated first visceral site. Analyses were therefore stratified by database to assess whether our conclusions would differ as the standard of care changed and given the differences in data collected for Cohorts 1 and 2. Patient -to -patient treatment differences nevertheless remain even within each cohort, both of which were accrued at a single institution. Despite the potential limitations of even a large single -institution study, both early -and late-stage melanoma patients were represented, as NYU Medical Center has the largest dermatology department in the United States, the National Cancer Institute-designated NYU Cancer Institute, and a world -renowned neurological surgery department. With active research and clinical trials in both oncology and neurosurgery, NYU serves as an important tertiary referral center such that the effect of referral bias may be seen in our findings. Nonetheless, even with over 2000 cutaneous melanoma patients prospectively accrued at our institution over a 40 -year period, the incidence of brain metastasis as the isolated first visceral site remained similar across the 2 study cohorts.
Similar to previous brain metastasis studies in which the comparison focused on brain metastasis versus nonbrain metastasis patients, we first compared the clinicopathological features present at initial melanoma diagnosis of patients who developed brain metastasis as the isolated first visceral site versus all others. Melanoma patients who progressed to brain metastasis as the isolated first site of visceral metastasis had primaries that were thicker, ulcerated, and of the nodular histologic subtype, all consistent with the observation that these patients also presented with more advanced disease at pathological diagnosis and with increased risk for this particular brain metastasis phenotype after taking into account competing risks. These primary tumor characteristics, however, may reflect the association with metastatic potential in general rather than with the specific metastatic phenotype of brain metastasis as the isolated first visceral site because the comparison group consisted predominantly of patients who had not progressed in the competing -risks analyses. To address this potential confounding factor, subsequent analyses included only metastatic melanoma patients. Because our population-based cohort exceeded 2000 patients, it allowed for the comparison of patients who developed brain metastasis as the isolated first visceral site with multiple subgroups of metastatic melanoma patients -visceral metastasis: extracranial only, visceral metastasis: extracranial and brain at the time of brain metastasis diagnosis, visceral metastasis: extracranial only or extracranial and brain, lung metastasis as isolated first visceral site, liver metastasis as isolated first visceral site, bone metastasis as isolated first visceral site, and other isolated first sites of visceral metastasis combined. Of the 2 previous studies on brain metastasis as the isolated first site of visceral metastasis, only the one in ovarian cancer attempted to compare patients with this brain metastasis phenotype with all other metastatic patients. 13 The comparison, however, fell short because it was unbalanced, with only 8 of the 150 patients in the study progressing to brain metastasis via this pattern, and these 8 patients were then compared with 142 patients who developed extracranial metastases with no mention of whether or not this included distant metastases in skin, lymph node, and/or viscera. There is clinical utility in examining the differences in the clinicopathological features of patients who progress to brain metastasis as the isolated first visceral site compared with those in other metastatic subgroups, which are revealed in our study.
Morbidity and mortality incurred from a delayed diagnosis of melanoma brain metastasis may be mitigated by identifying brain metastasis earlier on routine radiologic imaging. It remains to be determined, however, whether follow-up imaging would result in overall survival benefit in all melanoma patients who develop brain metastasis given the variable temporal course to brain metastasis and its potential biological implications. Our data show that a greater proportion of patients who developed brain metastasis as isolated first visceral site had primary tumors with no mitosis. The kinetics of melanoma brain metastasis development in patients who progress to brain metastasis as the isolated first visceral site may be particularly suitable for serial radiologic follow-up given the slow proliferative nature of their primaries.
Therapeutic implications of the different melanoma brain metastasis phenotypes identified and characterized for the first time in this study arise as well. Melanoma patients who develop brain metastasis as the isolated first site of visceral metastasis reveal some limitations of the current AJCC staging system with potentially relevant ramifications for adjuvant treatment. Their primaries are thinner compared with those of all other visceral metastases patients, and as thickness remains the single most important prognostic feature of primary melanomas, this finding is reflected in the equally unexpected staging distribution of these patients. A greater percentage of this particular subset of brain metastasis patients presented with stage I disease at initial melanoma diagnosis compared with the group with visceral metastasis: extracranial only or extracranial and brain. Although adjuvant therapy is currently not recommended for stage I patients, our data show that there is a subgroup of stage I melanoma patients who do progress to brain metastasis, in particular brain metastasis as the isolated first visceral site, yet forgo adjuvant treatment. It is therefore evident from our study that melanoma patients who have not received adjuvant therapy still progress to brain metastasis as the isolated first visceral site. This is in contrast to the consensus in previous reports of brain metastasis as the isolated first visceral site in which this phenotype is thought to be consistent with progression to brain metastasis as a consequence of prolonged survival following adjuvant therapy. 9 -18 It would be of great interest to develop models to identify these earlystage patients who are at high risk of developing brain metastasis. We have observed that patients in this subgroup tend to have more primaries arising on nonchronic sun -damaged skin as evidenced by the absence of solar elastosis (data not shown), melanomas previously shown to have a higher frequency of BRAF mutations. Given that BRAF inhibitors such as vemurafenib and GSK2118436 have already demonstrated efficacy against some melanoma brain metastases, 31, 32 it is logical that their clinical utility in the adjuvant setting be explored, especially in the prevention of brain metastasis as the isolated first visceral site because patients with this brain metastasis phenotype have a shorter post-visceral metastasis survival compared to other brain metastasis patients.
In conclusion, our study is the first to demonstrate that the clinicopathological profile of patients who progress to brain metastasis as the isolated first site of visceral metastasis is distinct from that of all other visceral metastases patients. Risk assessment models are therefore needed to identify those primary melanoma patients at risk for developing brain metastasis as isolated first visceral site. All future clinical trials assessing the efficacy and/or survival benefits of new brain metastasis treatments and routine brain imaging will also need to treat melanoma brain metastasis not as a single clinicopathological entity, but as a clinical state with real phenotypic and possibly genotypic and etiologic heterogeneity.
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